The heme-copper superfamily contains two major families of phylogenetically related enzymes whose functions are to reduce either O 2 to H 2 O (oxygen reductases) or NO to N 2 O (nitric oxide reductases). Hence, these enzymes play major roles in both the oxygen and nitrogen cycles on the planet. Both the O 2 reductases and the NO reductases are, in turn, subdivided into numerous subfamilies, reflecting adaptations to different environmental and physiological demands. Nearly all aerobic organisms contain at least one heme-copper oxygen reductase (HCO) as part of the aerobic respiratory chain. These enzymes pump protons across the membrane and generate a proton motive force used to drive ATP synthesis. The active-site, where O 2 binds and is reduced to H 2 O, consists of a highspin heme and nearby Cu B . There are three major subfamilies of O 2 reductases (A, B, C). The active-site is buried deep within the protein, and the pathways have evolved so that protons, electrons and O 2 have rapid access from the bulk solution. The proton channels are conserved structures containing polar residues and internal water molecules, but the channels differ for each of the subfamilies. Hydrophobic channels extend more than 20 Å to allow O 2 to rapidly reach the active site from the lipid bilayer. Molecular dynamics simulations show O 2 reaching the active site exclusively via these channels. Redox-active metal centers provide the "wire" for electron transfer to the active site. In addition, all the O 2 reductases also have an activesite tyrosine that is crosslinked to one of the histidine ligands to Cu B . This modified tyrosine is likely to donate an additional electron, as needed, to prevent the formation of reactive oxygen species at the active site. A mutation has been made demonstrating that the reaction of a fully reduced HCO enzyme with O 2 does form an amino acid radical. This tyrosine is not present in the heme-copper NO reductases. There are two subfamilies of NO reductases that have been biochemically characterized: qNOR and cNOR. The qNORs evolved from the cNORs and both are most closely related to the C-family of O 2 reductases. Several new subfamilies of putative NO reductases have been identified based on genomic and metagenomic data, and these new putative subfamilies are all related to the B-family of O 2 reductases. One of these putative NO reductases has been purified and demonstrated biochemically to have NO reductase activity, confirming the sequence-based conjecture. Life is a chemical reaction. All organisms have some form of energy releasing bioenergetic reaction at the core of their living process. For the first organisms it can hardly have been otherwise. Bioenergetic reactions constitute the main flux of matter and energy through the cell and go forward according to thermodynamic principles. Their main byproduct today is adenosine triphosphate (ATP), life's central currency of metabolic energy. Life started out in anaerobic environments, hence modern anaerobes might hold clues as to the nature of the first bionergetic reactions. Hydrothermal vents are rich in geochemically generated H 2 , a ready source of chemical energy. Two groups of modern anaerobic autotrophs whose carbon and energy metabolism depends upon H 2 are of particular interest -methanogens (archaea) and acetogens (bacteria). The deep dichotomy of archaea and bacteria is evident in many basic traits including ribosomal protein composition, membrane lipid synthesis, cell wall constituents, and flagellar composition. That deep dichotomy is reflected in the distribution of genes for the synthesis of the central carriers of one carbon units, tetrahydrofolate and tetrahydromethanopterin. The enzymes underlying those distinct biosynthetic routes are broadly unrelated across the bacterial-archaeal divide, indicating that the corresponding pathways arose independently. That deep divergence in one carbon metabolism is mirrored in the structurally unrelated enzymes and different organic cofactors that methanogens (archaea) and acetogens (bacteria) use to perform methyl synthesis in their H 4 F-and H 4 MPT-dependent versions, respectively, of the acetyl-CoA pathway. By contrast, acetyl synthesis in the acetylCoA pathway -from a methyl group, CO 2 and reduced ferredoxin -is simpler, uniform and conserved across acetogens and methanogens, and involves only transition metals as catalysts. The acetyl-CoA pathway, while being the most ancient of known CO 2 assimilation pathways, reflects two phases in early evolution: an ancient one in the progenote, in which acetyl thioester synthesis proceeded spontaneously with the help of geochemically supplied methyl groups, and a later phase that reflects the primordial divergence of the bacterial and archaeal stem groups, which independently invented genetically-encoded means to synthesize methyl groups via enzymatic reactions. The antiquity of methyl groups so implicated is cause for reflection. The energy metabolism of modern anaerobic autotrophs suggests that reactive methyl groups were around at the very onset of evolution. The modified bases of tRNA and rRNA are replete with methylations. This suggests that the
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